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ABSTRACT 



An interconnect delay test uses the IEEE 1149.1 standard 
test access port (TAP) controller. No modification of stan- N 
dard boundary cells is required. Since the standard boundary 
scan cells are used, circuit board and/or backplane intercon- 
nect delay tests do not affect ASIC (application specific 
integrated circuit) designs. It allows board and systern / 
designers to add new interconnect AC tests for any signals \ 
at any time without modificatiorL of ASICs. Since the method 
has no impact on the operations of the standard TAP 
controller, it is possible to use available test softwares for 
interconnect DC tests to perform the proposed delay test. 
The method can also be integrated as part of in-system 
i nterconnect tests. 

46 Claims, 12 Drawing Sheets 
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DELAY FAULT TESTING WITH IEEE 1149.1 ASICs, implementing the IEEE 1149.1 standard. It helps 

TFrwwirAr fipi n reduce the dependency of interconnect delay tests on bed* 

IfcLHINIL-AL HhLU of-nails. Under the control of a TAP controller, a special 

The present invention relates to interconnect delay fault At-Speed Interconnect (ASI) controller is used to run the 

test using the I EEE 1149.1 standard test access port (TAP) 5 delay tests. This technique requires to add an extra pin to 

operations. * each ASIC that will be involved in board delay tests. The* 

BACKGROUND INFORMATION » cx * ra P ms from ASICs are all connected together on board 

, , r t . i r t0 provide a globaL synchronization signa l that triggers the 

With the increasing demands for high performance, del ^ ^ ^1 signal can be driven by a tester or by 

. today s systems are running at faster and faster ftB i pmnraw 10 a mastcr ^ controllcr residing in one of the ASICs on the 

I his makes the M , nf , rtnrmnnffl nf (hp , intwrnnn^n °Q boar d. Due to board level functional signals connections, 

boards and backplanes more critical. Interconnect delay ^ extra ms anmi be cas{{ sharcd ^ functional ins> 

faults that used to be tolerable in slow systems may cause , n M *on, it also requires to replace the standard boundary 

high performance systems to fail. To test for interconnect scan ^ ^ thdr ict ^Ms for all the pins 

delay faults, today s common practice is to use bed-of-nails w mvolvcd ifl board dcl ^ £ach of mcsc rict 

to measure the mterconnect delays. Unfortunately, with the bound ^ ^ conUins m cxtfa fli fl ^ al 

increasing usage of advanced silicon packaging technolo- m c]ock ^ SQme ializcd x ics< TOs tcchni 

gies such as ball-gnd-arrays (BGA), the applications of ^ oq1 wofk for intcrconnccts bctwcen two such ^ d 

bed-of-nails have been significantly limited since many ASICs and not with any common off-the-shelf IEEE 1149.1 

signals with the new packaging technologies are simply not M ^ com p 0ncQ ts. 
observable on boards. In addition, the bed-of-nails approach 

does not cover delay faults in ASICs' (application specific SUMMARY OF THE INVENTION 
integrated circuits ') pad drivers and receivers damaged in 

the assembly process. Test vectors using bed-of-nails cannot 11 is an object of the present invention to provide an 

be re-used at system levels or at customers' premises. ^ improved interconnect delay fault test. 

The causes of interconnect delay faults on boards and in According to one aspect of the present invention, there is 

systems are multiple. In the design phase, improper routings provided a test access port (TAP) control method in use for 

of some critical signals and/or improper terminations of fault test of interconnect between first and second integrated 

these signals may contribute to excessive delays that will * circuit (IC) chips, the method comprising th e steps of: 

show up as interconnect delay faults after the board or 30 performing IEEE 1149.1 standard TAP operations wherein 

system is assembled. Similarly, clock skews among different ' test clock (T OO, test mode select (TMS),_T AP scan tes t 

ASICs due to improper routings and/or unbalanced loads , clock (TAF-^SCLK), TAP scan mode (TAP_SM) and TAP 

may even cause properly designed data signals to fail at load (TAP_LO) signals are determined by standardized 

speed. In the manufacturing phase, bad solder joints and timing; generating a scan mode (SM) control signal in 

defective tracks can cause interconnect delay faults. In 3: response to the TAP _SM signal; generating a load (LP) 

addition, damaged ASIC pad drivers and receivers during control signal in response to the TAP_LO signal; and 

board assembly and soldering process may also show up as generating a scan test clock (SCLK) control signai~ur 

interconnect delay faults. / response to the TCK signal and the LO control signal. 

In conventional manufacturing , AC performance test* The TAP control method according to the present inven- 

sometime falls betw een process flows. In in-circuit test 40 tion is based on the IEEE 1149.1 TAP operations to conduct 

station, DC characteristics (e.g. open, short, resistive and fault test of interconnect between the IC chips. For example, 

capacitive value, and analog devices) are the main targets of IC chips are interconnected on a circuit board and they are 

that stage of manufacturing. AC performance issues are ASICs (application specific integrated circuits) and com- 

usually covered in module test station or functional test mercially used chips such as CPUs (central processing 

station. Unless critical signals are identified and special tests 45 units). 

are written to cover them, in general functional test on In the TAP control method, for example, the step of 

average does not have a high coverage on AC performance generating a scan mode (SM) control signal comprises the 

on most signals. With the new proposed technique, the ease step of activating the SM control signal in response to the 

of operation will make high coverage delay fault testing TAP_SM signal. The step of generating a load (LO) control 

easily accommodated into either in-circuit test station or 50 signal comprises the step of activating the LO control signal 

functional test station. in response to the TAP__LO signal. The step of generating 

In a paper by P. K. Graham entitled "AC Interconnect Test a scan test clock (SCLK) control signal comprises the step 

with Series Boundary S qm" , IBM TerK TWlr^ r? Thill^n, of activating the SCLK control signal in response to the 

Vol. 34, No. 6, November 1991 , boundary scan driver cells activated LO control signal. The LO control signal is acti- 

and receiver cells were described to conduct AC intercon- 55 vated in response to the succeeding edge of a pulse of the 

nect test . Since it requires to enable the drivers under test all TAP_LO signal. The SCLK control signal is activated in 

the time, it is unable to detect timing faults associated with response to the preceding edge of a pulse of the activated LO , 

the driver enable. U.S. Pat. No. 5,444,715 granted to Gru- control signal with a time delay. The data stored in the 

etzner et al. on Aug. 22, 1995 discloses that different ^boundary scan cells included in the first IC chip is trans-. 

boundary scan driver and receiver cells to overcome the so ferred to the second IC chip via the interconnect between the 

deficiency in Graham's paper. It intends to test if data can be first and second IC chips. The transferred data is captured by 

delivered from a driver cell to a receiver cell in one normal the second 1 1? chip and stored in its boundary scan cells. Th 

system clock cycle. The boundary scan cell described in J allows.an interconnect delay tault test using the IEEE 1149 

_both Graham's paper and U.S. Pat. No. 5,444,715 a re not standard TAP operations . 

IEEE 1149.1 comp atible] ' " 65 According to another aspect of the present invention, 

A recently suggested technique uses a synchronizing there is provided an apparatus for conducting fault test of 

trigger signal to conduct interconnect delay fault test of interconnect between first and second IC chips, the appara- 



edby -1 
LQlis? 
149.1, j 
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tus comprising a test access port (TAP) controller, the TAP FIG. 2 illustrates two interconnected IC chips wherein an 
controller performing IEEE 1149.1 standard TAP operations interconnect delay fault test method according to one 
wherein test clock (TCK), test mode select (TMS), TAP scan embodiment of the present invention is implemented; 

£ ! ^ S ?^ ) •■ TA f SCaD , m0de - fI i^'- SM) J FIG. 3 shows signal waveforms in an interconnect delay 

TAP load (TAP LO) signals are determined by standard- s fault ^ method accordi[1 to one embodimeat of lhe 

ized timing; the TAP controller generating means for gen- resent invention* 

erating scan mode (SM), load (LO) and scan test clock 1 

(SCLK) control signals, in response to the TAP_SM, the FIG - 4 shows a Procedure in the interconnect delay fault 

TAP_LO and the TCK signals. test method; 

In the apparatus, for example, each of the first and second 10 FIG * 5 ^ a block digram of an example of a boundary 

IC chips comprises the TAP controller and boundary scan scan cel1 wmch ^ incorporated in the IC chip shown in FIG. 

cells, the TAP controller comprising: means for generating 2: 

the SM control signal in response to the TAP__SM signal; FIG. 6 is a block diagram of an example of a circuit to 

load control means for generating the LO control signal in implement the operation shown in FIG. 3; 

response to the TAP_LO signal; and scan test clock means 15 FIG. 7 is a block diagram of an example of a circuit for 

for generating the SCLK control signal in response to the synchronizing boundary scan control signals; 

TCK signal and the LO control signal. The TAP controller FIG. 8 shows a delay circuit; 

of the first IC chip further includes means for transferring ___ rt , , , , . 

data stored in the boundary scan cells of the first IC chip to 9 shows anothcr dela y arcuit i 

the boundary scan cells of the second IC chip via the 20 FIG> 10 IS a block dia 6 ram of a finer delay circuit; 

interconnect between the first and second IC chips. The TAP FIG. 11 is a block diagram of a concatenated delay circuit; 

controller of the second IC chip further includes means for FIG. 12 illustrates two interconnected IC chips wherein 

capturing the data transferred from the first IC chip. The LO an interconnect delay fault test method according to another 

control signal is activated in response to the succeeding edge embodiment of the present invention is implemented; 

of a pulse of the TAP_LO signal. The SCLK control signal 25 FIG. 13 shows signal waveforms in an interconnect delay 

is activated in response to the preceding edge of a pulse of f au i t tcst mc thod according to another embodiment of the 

the activated LO control signal with a time delay. present invention; 

The TAP controller further includes means for storing piG. 14 is a block diagram of a circuit for generating 

data in the boundary scan cells, the data being transferred boundary scan control signals; and 

from the second IC chip via the interconnect between the 30 piG. 15 illustrates two interconnected IC chips wherein a 

first and second IC chips. The TAP controller farther XAP controller according to another embodiment of the 

includes means fo r capturing the data stored in the boundary nt invention is iDCO rp 0 rated. 



scan ce 



The TAP controller functions entirely the IEEE 1149.1 DETAILED DESCRIPTION 

standard TAP operations and generates the control signals. 35 I. IEEE 1149.1 TAP Operations 

The TAP controller may be consist of two function blocks. FIG. 1 shows the IEEE 1149.1 TAP state transitions for 

One performs the IEEE 1149.1 standard TAP operations to registering data. State CaptureDR causes all boundary scan 

generate the IEEE 1149.1 standard TAP signals. The other cells to capture the data at their data input on the rising edge 

one generates the control signals in response to the IEEE of the test clock (TCK). During this event the scan mode 

1149.1 standard TAP signals. 40 (SM) signal (ShiftDR in IEEE 1149,1 document ) to all 

According to another aspect of the present invention, boundary scan cells is QJ During the UpdateDR state and on 

there is provided a method for performing IEEE 1149.1 the falling edge of the test clock, all boundary scan cells for 

standard TAP operations, the method comprising the steps output and I/O pads which participate for output place the 

of: performing as defined by the IEEE 1149.1 standard, so data in their scan flip-flops onto the circuit tracks on a board, 

that test clock (TCK), test mode select (TMS), TAP scan test 45 The data will remain on the tracks until falling edge of the 

clock (TAP_SCLK), TAP scan mode (TAP_SM) and TAP TCK signal in the next UpdateDR state, 

load (TAP_LO) signals are determined by standardized As shown in the state diagram, after a test vector has been 

timing; generating a scan mode (SM) control signal which is placed on the board interconnects, it takes at least 3 TCK 

activated in response to the transition of a pulse of the cycles for the TAP to go from the UpdateDR state to the 

TAP_SM signal; generating a load (LO) control signal 50 CaptureDR state. Since UpdateDR triggers the boundary 

which is activated in response to the transition of a pulse of scan chain to update upon the falling edge of the TCK signal 

the TAP_LO signal; and generating a scan test clock but CaptureDR triggers the chain to capture on the rising 

(SCLK) control signal which is activated in response to the edge of the TCK signal, it takes at least 2.5 TCK cycles 

transition of a pulse of the activated LO control signal. The before the test response can be sampled by the receiving 

method may be implemented into a TAP controller for use 55 boundary scan cells after it has been launched. In practice, 

in fault test of interconnect between IC chips. Also, the the test clock is usually running at much slower frequencies 

method is applicable to the TAP control method and the than system clocks. However, the delays of board intercon- 

apparatus for conducting fault test of interconnect between nects are usually less than a system clock cycle. Therefore, 

IC chips according to the other aspects of the present it is impossible to perform interconnect delay tests with the 

invention. «> TAP without enhancement. 



BRIEF DESCRIPTION OF THE DRAWINGS 



II. First Embodiment 



FIG. 2 _shows two interconnected IC chips on a board , 
Embodiments of the present invention will now be wherein an interconnect delay fault test method according lo 
described by way of example with reference to the accom- one embodiment of the present invention is implemented. I n 
panying drawings in which: 65 E10-2^Gndiag. and _receiving IC chips 211 and 213 are 

FIG. 1 illustrates the IEEE 1149.1 TAP state transition for ASlCs with delay test enhancement. Each of the IC chips 
data registers; 211 and 213 includes a TAP controller 215 including an 
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IEEE 1149.1 standard TAP controller for performing IEEE preceding (rising) edge of a pulse of the activated scan mode 

1^49 1 stan dard-TAP operations and an associated mod ifier control signal SM. 

for modifying standard TAP signals. Each delay test consists of a pair of test vectors VI and V2 

The test ctock (TCK), test mode select (TMS), TAP scan (see C. J. Lin et al., "On Delay Fault Testing in Logic 

test clock (TAP_SCLK), TAP scan mode (TAP_SM) and 5 Circuits", IEEE Trans. CAD, September, 1987, pp. 694-703 

TAP load (TAP_LO) signals are determined by standard- and Y. Wu et al., "Accelerated Path Delay Fault Simulation", 

ized timing shown in FIG. 3. Also, the TAP controller 215 Proc. IEEE VLSI Test Symposium, April 1992, pp. 1-6). VI 

generates boundary scan control signals: a load control initiates the fault to be tested and V2 triggers the fault. For 

signal LO, a scan test clock control signal SCLK and a scan example, to test for 0-to-l transition on a track, VI is 

mode control signal SM, in response to the TCK, TMS, 10 required to place a 0 on the track and V2 forces this track to 

TAP_SCLK, TAP_SM and TAP_LO signals. The bound- 1 so as to launch a 0-to-l transition, 

ary scan control signals are provided to boundary scan cells For now, it is assumed that both TAP and boundary scan 

217 included in the IC chip 211. In test mode operation, the chains have been initialized, i.e., (a) all chains have been 

boundary scan cells 217 receive input data from a scan input properly configured so that no two drivers drive a same net 

TDI pin of the sending IC chip 211 and forward the data to 15 on a board; (b) EXTEST (IEEE 1149.1 standard definition) 

a respective pad 221 thereof which are interconnected to the mode has been set; (c) delay test mode has been set; and (d) 

counterparts of the receiving IC chip 213. programmable delay has been set. 

FIG. 3 shows waveiorms of the boun dary scan control With the assumptions made above, delay test with a test 

signals in IEEE standard timing (shown afTAPZSCCK, pair i works as follows: 

TSpLsM, TAP_LO) and in delay test mode with modified 20' (i) Shift in the first test vector Vl(i) for test pair i and 

ear ly captu re (shown as SCLK, SM, LO). In Figure, the update all the boundary scan cells. Due to the modifications 

"""ShTded areas represent the regions where the corresponding shown in FIG. 3, updating Vl(i) also trigger a capture event, 

signals could be either constant 1 or constant 0, due to This capture event simply captures don't cares since useful 

different interpretations of IEEE 1149.1 standard. test response for the current test pair occurs only after its 

Referring to FIG. 3, under normal IEEE 1149.1 standard 25 second vector V2(i) is applied. However, this capture event 

operation, each of the boundary scan cells updates upon the can be used to capture the test response of test pair i-1 if 

rising edge of the load signal TAP_LO (defined as Update V2(i-1) is compatible with Vl(i), i.e., if it is possible to 

DR in the IEEE document) and captures at the rising edge make V2(i-1)-Vl(i). 

of the scan test clock control signal IAP_SCLK (defined as (ii) Shift in the second test vector V2(i) for test pair i and 

ClockDR in the IEEE document) w^en _the scan mode_s jgnal 30 update all the boundary scan cells. This update event 

TAP_SM (defined as ShiftDR in the IEEE document ) is 0 L launches transitions onto the tracks and also causes the 

Each cell shifts at the rising edge of the scan test clock receiving boundary scan cells of the receiving chip 213 to 

control signal TAP_SCLK when the scan mode signal capture the test response after a pre-defined delay. As shown 

TAP_SM is 1. in FIG. 3, the normal CaptureDR state following this update 

In the operations defined in the IEEE 1149.1, it takes at 35 event is disabled so as to preserve the captured test 

least 2.5 TCK cycles to capt ure a test r esponse after a test responses. 

ha s_been launch ed. To avoid the 2.5"TCK cycle delay, the (iii) Shift out the test response for analysis. It should be 

basic idea of the inventions to have the event of launching pointed out that the number of TCK cycles for shifting in test 

a test and the event of capturing its test response both be vectors and shifting out test responses is the same as that for 

triggered by the same Update DR state in a special delay test 40 conventional interconnect DC tests. This is because the 

mode. In order to avoid the test response captured in delay delay test mode does not change the shift operations of the 

test be corrupted by the normal CaptureDR state defined the TAP controller. In addition, the control sequences for TCK 

transition diagram, it is necessary to hide the effect of this and TMS remain the same as for interconnect DC tests, 

normal CaptureDR operation. It is important to point out that The above has shown bow to run the delay test for a single 

hiding the normal CaptureDR operation only occurs after 45 test pair. FIG. 4 shows a full picture as how to run a complete 

each UpdateDR state in order to be compatible with standard delay test of many test pairs. For simplicity, it is assumed 

DC test softwares. that that the second vector V2(i) for test pair i can also be 

As shown in FIG. 3, _the boundary scan control signals used as the first vector Vl(i+1) for the following test pair, 

(LO, SCLK and SM) differ Jrom their counterparts ( TAP— i.e., assuming V2(i)=Vl(i+l). If this is not true, the test will 

LO, TAP_SCLK and TAP_SM) only for the UpdateDR 50 simply take longer time. 

state and the followin g c aptureDR state. No extra state is Each phase of the operations shown in FIG. 4 is described 

.introduced^ which makes it p ossible_to useJ nterconnect DC as follows: 

v _lest softwares to conduct AC test. The scan mode control Pha se 1 : shift in an instruction. This is the normal sample 

signal SM is activated (from 0 to T), in response to the and pre-load in th e^DC t est. 
precedingirisinfi) edge of a pulse of the TAP_SM signal. 55 Phase 2: shift -in a Vl(l). Vl(l) will also configure the 

The activated scan mode control signal SM is de activated boundary scan chains so that no two drivers drive the same 

. ^ffrom 1 to 0), in response to the preceding (rising) edge of" net. At the end of this phase, a normal UpdateDR, denoted 

a pulse of the TAP , , LO si gnal. The load control signal LO as ud in FIG. 4, places Vl(l) onto the interconnects on a 

is activated (from 0 to 1), in response to the succeeding board. 

(falling) edge of a pulse of the TAP_LO signal. The 60 Phase 3: shift in another instruction. This instruction 

activated load control signal LO is deactivated (from 1 to 0) accomplishes three things: (a) it sets the EXTEST mode (the 

in response to the preceding (rising) edge of the TAP_SM same as for interconnect DC tests); (b) it sets the delay test 

signal. The scan test clock control signal SCLK is activated mode; and (c) it selects a proper delay for the delay test or 

(from 0 to 1), in response to the preceding (rising) edge of define the programmable delays shown in FIG. 3. 

a pulse of the activated load control signal LO with prede- 65 ^ phas e 4: the first operation in phase 4 is a normal 

termined time delays. The activated scan test clock control CaptureDR (denoted as cp in FIG. 4). This cp captures the 

signal SCLK is deactivated (from 1 to 0), in response to the response of Vl(l). The captured data is essentially don't 
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cares since useful test response for the first test pair occurs from the TAP controller go directly to the boundary scan 
only after its second vector V2(l) is applied. After shifting cells. Since Dtest_mode=0, the selector 313 selects the 
in V2(l), the last operation in this phase is an update. This TAP_LO signal as the load control signal LO. The output of 
update is a delay test update, denoted as dud in FIG. 4. It the AND gate 311 is 0 and the selector 329 selects the 
updates vector V2(l) into all boundary scan cells to launch 5 TAP_SCLK signal as the scan test clock control signal 
transitions. In addition, it also triggers a delay test capture SCLK The scan mode control signal SM provided by the 
event dep to capture the test response of V2(l). At the end NOR gate 331 is equivalent to the TAP__SM signal, 
of phase 4, the data in the boundary scan chain is ready to In a delay test mode, the delay test mode signal DtesL_ 
shift out for analysis. mode is 1, which can set by a TAP instruction or a user- 
Phase 5 :_a s shown in FIG. 4, the normal CaptureDR event defined test data register (TOR). The D-FFs 323 and 325 are 
is disabled^ This is to preserve the data captured by the initially reset to 0 upon TAP reset. Thus, without a rising 
previous dep. In this phase, the captured data in phase 4 is edge on the TAP_LO signal, all the TAP control signals feed 
shifted out for analysis. In addition, a new test vector for the directly to the boundary scan cells, 
second test pair is shifted in. That is V2(2). At the end of this Upon the arrival of a first rising edge on the TAP_LO 
phase, a dud launches transitions and a dep captures the signal, the Q output of the D-FF 323 goes to 1 . This forces 
responses of these transitions. 35 the scan mode control signal SM to be 0 and the scan test 
phase 6 pnd on are simply the repeat of phase 5. clock control signal SCLK to follow the output signal from 
As described above, the interconnect delay test is fully the programmable delay circuit 327. At this time, LO=SM= 
transparent to testers and test bus masters. One can use SCLK=0. Now, all the boundary scan cells are ready to 
conventional DC test software to apply the delay test. launch a test on the rising edge of the load control signal LO 
FIG. 5 shows the boundary scan cell of the IC chip. In 20 and to capture test response on the rising edge of the scat) 
FIG. 5, input data from the chip core circuit 219 shown in test clock control signal SCLK. 

FIG. 2 is fed to the 0 input terminal of selectors 251 and 253. When the TAP _LO signal falls, its falling edge set the 
The scan input data SI is fed to the 1 input terminal of the D*FF 325 to 1 (i.e., the Q output thereof is 1). This (Mo-1 
selector 251. The scan mode signal SM is fed to the selection transition on the Q output of the D-FF 325 sends a rising 
terminal of the selector 251, the output of which is fed to the 25 edge to the load control signal LO, which in turn updates all 
D input terminal of a D-type flip-flop (D-FF) 255. The scan boundary scan cells and places the test vector shifted in onto 
test clock control signal SCLK is fed to the clock terminal the tracks under test. In the mean time, this 0-to-l transition 
of the D-FF 255, the non-inverting output Q of which is scan of the Q output of the D-FF 325 also goes to the program- 
output data SO and fed to the D input terminal of another mable delay circuit 327. After a pre-defined delay, it forces 
D-FF 257. The load control signal LO is fed to the clock 30 the scan test clock control signal SCLK to go from 0 to 1. 
terminal of the D-FF 257, the non-inverting output Q of This rising edge of the scan test clock control signal SCLK 
which is fed to the 1 input terminal of the selector 253. A causes all boundary scan cells to capture their data inputs 
boundary scan mode signal from the TAP controller 215 is since the scan mode control signal SM is 0 at the moment, 
fed to the selection terminal of the selector 253, the output After this, the TAP controller 215 may go through some 
of which is provided to the pad 221 of the I C chip. 35 intermediate states and then go into the normal captureDR 
FIG. 6 shows a simple circuit that is able to transform the state. The normal captureDR state will enable the TAP_ 
control signals from a standard TAP controller to the wave- SCLK signal and forces the TAP_SM signal to go low for 
forms defined in FIG. 3. The circuit shown in FIG. 6 is one a TCK cycle. During this cycle (known as mission cycle), 
example of the modifier of the TAP controller 215 shown in the Q output of the D-FF 323 is still equal to 1. This ensures 
FIG. 2. In FIG. 6, a delay test mode signal Dtest_mode is 40 that the scan test clock control signal SCLK remains 0, 
fed to an AND gate 311 and the selection terminal of a which in turn ensures all boundary scan cells to hold their 
selector 313. The TAP_SM signal is fed to an inverter 315 data and ignore the normal mission cycle. After this 
and the 1 input terminals of two selectors 317 and 319. A so-called mission cycle, the TAP controller goes into 
TAP_LO signal is fed to the 0 input terminals of the shiftDR states, which set TAP_SM=1. The rising edge on 
selectors 317 and j*13 And a n inverter 321 , the inverted 45 the TAP_SM signal set both D-FFs 323 and 325 to 0. In 
r output orwhich isfcdto the 0 input terminal of the selector turn, the Q output of the D-FF 323 being 0 forces SM and 
V 319.Are^eXsignalESXisied to the reset terminals R of two SCLK to follow the TAP„SM and TAP_SCLK signals, 
f D*FFs 323 and 325. The non-inverted output Q of the D-FF respectively. Now, the data captured in the boundary scan 
) 323 is fed to the AND gate 311 and the selection terminal of cells are shifted out for analysis one bit at a time with each 
/ the selector 317. The non-inverted output Q of the D-FF 325 so rising edge of the scan test clock control signal SCLK. It is 
^ is fed to the selection terminal of the selector 319 and the 1 worth pointing out that after the rising edge on the TAP_SM 
input terminal of the selector 313. The inverted outputs QB signal, both D-FFs 323 and 325 are back to their initials 
of the D-FFs 323 and 325 are fed to the respective D inputs states and ready for a next test vector, 
thereof. The outputs of the selectors 317 and 319 are fed to The arrows shown in FIG. 3 indicates the timing rela- 
the clock terminals of the D-FFs 323 and 325, respectively. 55 tionship of the circuit shown in FIG. 6. As shown, no race 
The output of the selector 313 is a load control signal LO and condition exists in the circuit. 

fed to a programmable delay circuit 327 which operates in In the method, no extra pin is required. Instead, th e TCK 

response to a system clock signal sysCLK. The output of the is used as the synchronization _on_boards since the TCK 

programmable delay circuit 327 and a TAP_SCLK signal signal is readily routed to every single ASIC for intercon nect 

are fed to the 1 and 0 input terminals of a selector 329, 6 0 DC tests . In reality, the routing of the TCK signal may hive 

respectively, to the selection terminal of which an output of "skews when it reaches each ASIC. Moreover, additional 

the AND gate 311 is fed. The outputs of the AND gate 311 skews may also be added due to internal delays of this signal 

and the inverter 315 are fed to a NOR gate 331, the output in different ASICs. To more accurately test for delay faults, 

of which is a scan mode control signal SM. The output of the these skews must be considered, the following are some 

selector 329 is a scan test clock control signal SCLK. 65 solutions. 

In a non-delay test mode, the delay test mode signal One possible solution is to directly drive TCK at each 

Dtest_mode is 0 and it is ensured that all control signals ASIC. In manufacturing test, bed-of-nails can be used to 
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directly drive the TCK right at the edge of each ASIC on a to the D input terminal of the D-FF is clocked by the inverted 

board if probe pads are provided for this purpose on the system clock signal sysCLK fed to the clock terminal of the 

board. This will help reduce the impact of skew due to the D-FF and delayed output is provided from the D-FF's Q 

routing of the TCK signal. However, skews due to internal output terminal. 

delays of TCK in each ASIC still exist even though they are 5 To test an interconnect delay across a backplane or 
usually fairly small in practice. through some components, it may require to delay the 
Another deficiency of this approach is its poor portability capture event by a few system clock cycles. In this case, an 
since it relies on bed-of-nails to provide the synchronization. easy solution is to use a small counter that runs at the system 
Another solution to reduce t he impact of skew is to further clock but is enabled by the signal from the D-FF 411 shown 
synchronize the delay test with system clocks. In most, io in FIG. 7 for delay by a number of clock cycles, 
jippl icy inns when a h oard is in mission, signals are usually ^ To check for the at-speed performance, it may be suffi- 
synchronized at the corresponding system clock edges. For cient to delay the capture by half, full or a few system clock 
examp le, a data is launched a t the risin g edge of a system cycle depending on the applications. If finer delays are 
cIock. j nis aata is usually sampled by receivers at the rising required for some reason, say for actual delay measurement 
edge of its next system clock cycle. As long as the trans - 15 as opposed to at-speed test, a circuit shown in FIG. 10 is 
mitted data is able to pro pa gate to the receivers within~~a useful. In FIG. 10, the programmable delay circuit includes 
system clock cycle, it is considered valid f u nctionally. J his a series of n delay elements 511 1 -511 rt , the taps of which are 
is true even if the system clock may also have skews itself. connected to a multiplexer 513. A control test data register 
Therefore, in test mode, it can mimic the system operation (TDR) circuit 515 receives scan input data SI and provides 
by synchronize the signal to LO and to the Programmable 20 scan output data SO and also, provides multiplexing control 
J)ela v_wi_ th the system clo ck. This is accomplished bv signals to the multiplexer 513. A data input signal in from the 
adding a D-FF 411 between the D-FF 325 and the selector selector 313 (FIG. 6) is fed to the series of the n delay 
313 as shown in FIG. 7 (to be after, the D-FF 411 can also elements 511 x-511„. The outputs of the n delay elements are 
be replaced with a pair of back-to-back flip-flops both fed to the multiplexer 513 and in response to the multiplex- 
running at system clock). 25 ing control signal from the control TDR circuit 515, a 
FIG. 7 shows another example of the modifier of the TAP selected delay output signal is provided as output signal 
controller 215 shown in FIG. 2. Referring to FIG. 7, _the from the multiplexer 513. 

signal to both LO flnxLthe Programmable Delays are syn- The programmable delays described earlier can be con- 
ch mill zed with the rising edges of the system clock sysCLK . catenated. For example, to provide a delay which is greater 
This ensures the test launch events to be in synchronization 30 than half a system clock cycle but smaller than a full system 
with the system cloc^/The events of capturing test responses clock cycle, a concatenated delay shown in FIG. 11 can be 
now depends on the programmable delay circuit. As will be used. In FIG, 11, the data input signal in is fed to the D input 
shown in the next section, it is possible to synchronize trie terminal of a D-FF 611. The system clock signal sysCLK is 
capture events with different edges of the system clock . inverted by an inverter 613 and the inverted clock signal is 
There are many ways to realize the programmable delays 35 fed to the clock terminal of the D-FF 611, the non-inverted 
depending on test requirements. For example, for most output Q is fed to the series of n delay elements Sllj-511^. 
applications, one may want to delay the capture of test Using the previously mentioned method, interconnect 
responses by a system clock cycle. In other words, launch a delay fault testing can be easily accommodated in the 
test at the rising edge of a system clock cycle and capture its boundary scan interconnect test. During test, drivers in an 
response at the rising edge of the next system cycle. 40 ASIC create transitions on the tracks under test and receivers 
However, if one wants to check longer delays such as delays in the same or in another ASIC capture the transitions. As 
across backplanes or through components, it may require to shown in FIG. 3, both the launch and the capture of the 
delay the capture by a few clock cycle. On another hand, if transitions are operated with the modified waveforms from 
one wants to measure true delay of a track or even an internal the standard TAP controller. Therefore, it is necessary to 
signal, it would require much finer delay of the capture. 45 include the delay fault testing capability in both the trans- 
There are other possible ways for different scenarios. mitting and receiving ASICs. For the circuit boards with 
Each solution is presented in isolation. However, they can be both ASICs with the delay testing capability and commercial 
combined together and selectively used or cancatenated. The ICs without such capability, the proposed technique is 
selection can be done using a control TDR that decides difficult to apply, 
which delay mode to use. 50 III. Second Embodiment 

For most synchronous designs, it is desirable to delay the The intent of this section is to extend the proposed 

capture oLtest response bv a full system clock cycle. This technique to work with commercial ICs for interconnect 
^ensures that a test is launched at the rising edge of a system^ delay fault testing. 

"clock and its response is captured at the rising edge of nexi~ FIG. 12 shows another embodiment wherein two IC chips 

system clock cycle, A delay circuit for such requirement is 55 are interconnected. In FIG. 12, IC chips 711 and 713 are 

shown in hl(J. 8. 1 te delay circuit includes one D-FF. The receiving and sending chips, respectively. The sending chip 

input data fed to the D input terminal of the D-FF is clocked 713 is a commercially available chip with the IEEE 1149.1 

by the system clock signal sysCLK fed to the clock terminal standard TAP controller, for example, a CPU. The receiving 

of the D-FF and delayed output is provided from the D-FF's chip 711 is identical to the IC chip 211, ASIC, shown in FIG. 

Q output terminal. 60 2. The chip 711 includes a TAP controller which is the same 

In some systems, signals might be transmitted at the rising as the TAP controller 215 shown in FIG. 2. The TAP 

edges of a system clock but they are sampled by receivers at controller includes an IEEE 1149.1 standard TAP controller 

the falling edges of the same system clock cycle. In this case, for performing IEEE 1 149. 1 standard TAP operations and an 

a delay circuit shown in FIG. 9 may suffice for delay by half associated modifier for modifying standard TAP signals, 

a system clock cycle. The delay circuit includes one D-FF 65 ^ Where the IC chip 713 tran smits a transition and the IC 

and one inverter. The system clock signal sysCLK is via the chip 711 with the delay testing c apabilft v" xap U iies ~t tie~' 

inverter to the clock terminal of the D-FF. The input data fed transition. TheASIC chip 711 can also transmit transitions 
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a "^ a P t UI^-itlC-U ansitioDS. The technique discussed here- 
inafter also covers paths between ASICs with the delay 
testing capability. 

In FIG. 3, the signal LO is modified from the TAP_LO 
signal (Update DR) and used to launch transitions to the 5 
tracks under test. The need for the modification is due to the 
grey area of the TAP_SM signal (ShiftDR). During the grey 
area, the TAP_SM signal can fall to 0 at any time since the 
IEEE 1149.1 standard does not provide definition for this 
signal during the area. However, if it is assumed that this 10 
TAP__SM signal transits to 0 at the exit-1 state, i.e., the 
earliest possible time in the grey area as suggested by the 
IEEE 1149.1 standard, it will not require to modify signal 
LO. Instead, it can use the waveforms defined in FIG. 13 to 
conduct interconnect delay fault testing. 15 

In FIG. 13, the rising edge of the TAP_LO signal 
(UpdateDR), which is also the rising edge of signal LO, is 
used to launch transitions (normal IEEE 1149.1 update 
mode). This edge is delayed by a programmable amount to 
capture the test responses. Because it uses the standard 20 
TAP_LO to launch transitions, it is able to cover intercon- 
nect paths from commercial ICs to ASICs. The test proce- 
dure is the same as that described in relation to FIG. 4. 

In terms of implementation, there are many possible 
ways. One is to generate the required signals directly from 25 
a TAP controller under the control of a custom-defined 
instruction. Once the instruction is shifted in, the TAP 
controller generates the control waveforms SM, LO and 
SCLK as defined in FIG. 13. 

FIG. 14 shows a circuit for generating boundary scan 30 
control signals. The circuit shown in FIG. 14 is an example 
of the modifier of the TAP controller of the IC chip 711 
shown in FIG. 12. In FIG. 14, a test mode signal Dtest_ 
mode is fed to an AND gate 811 and the selection terminal 
of a selector 813. A TAP scan mode the TAP_SM signal is 35 
fed to the 1 input terminal of a selector 815. A TAP_LO 
signal is fed to the 0 input terminals of the selectors 815 and 
813. The output of the selector 815 is fed to the clock 
terminal of the D-FF 817. A reset signal RST is fed to a D-FF 
817. The inverted output QB of the D-FF 817 is fed to its D 40 
input terminal. The non-inverted output Q of the D-FF 817 
is fed to the selection terminal of the selector 815, the 1 input 
terminal of the selector 813, the AND gate 811 and a 
programmable delay circuit 819, the output of which is fed 
to the 1 input terminal of a selector 821, to the 0 input 45 
terminal of which a TAP_SCLK signal is fed. The output of 
the AND gate 811 is fed to the selection terminal of the 
selector 821, the output of which is a scan test clock control 
signal SCLK. The output of the selector 813 is a load control 
signal LO. The TAP_SM signal is a scan mode control 50 
signal SM. 

The boundary scan control signal generator shown in FIG. 
14 modifies the signals from a standard TAP controller to 
meet the delay fault testing requirements. Assume the stan- 
dard TAP controller to generate the TAP_SCLK 55 
(ClockDR), TAP__SM (ShiftDR) andTAP_LO (UpdateDR) 
signals as shown in FIG. 13, which agree with those rec- 
ommended by the IEEE 1149.1 standard. 
IV. Others 

There are many possible ways to implement the proposed 60 
technique with IEEE 1149.1. For example, one can imple- 
ment the delay test with a custom-defined instruction. Once 
this instruction is shifted into the TAP controller's instruc- 
tion register, the TAP generates the control waveforms 
defined in FIG. 3. 65 

FIG. 15 shows another embodiment wherein two inter- 
connected IC chips on a board. In FIG. 15, sending and 



receiving IC chips 911 and 913 are ASICs. Each of the IC 
chips 911 and 913 includes a modified TAP controller 915 
performing IEEE 1149.1 standard TAP operations and modi- 
fying the standard signals. The TCK, TMS, TAP_SCLK, 
TAP_SM and TAP_LO signals are determined by stan- 
dardized timing. The modified TAP controller 915 generates 
boundary scan control signals: a load control signal LO, a 
scan test clock control signal SCLK and a scan mode control 
signal SM, in response to the TCK, TMS, TAP_SCLK, 
TAP_SM and TAP_LO signals. The boundary scan control 
signals are provided to boundary scan cells included in the 
IC chip 911. In test mode operation, the boundary scan cells 
receive input data from the scan input TDI pin of the sending 
IC chip 911 and forward the data to a respective pad thereof 
which are interconnected to the counterparts of the receiving 
IC chip 913. This is another possible implementation of the 
interconnect fault delay test method to transform the control 
signals from a standard TAP controller to the desired wave- 
forms shown in FIG. 3. The signal transformation can easily 
be done with a simple wrapper around the standard TAP 
controller. This transformation is under the control of a 
user-defined TDR. The advantages of this approach mainly 
include the savings of implementation time and the flexibil- 
ity of using any IEEE 1149.1 compatible TAP controllers. 

Also, FIG. 15 represents another embodiment similar to 
one shown in FIG. 12. In such a case, two interconnected IC 
chips 911 and 913 are receiving and sending chips, respec- 
tively. The sending chip 913 is a commercially available 
chip with the IEEE 1149.1 standard TAP controller, for 
example, a CPU. The receiving chip 911 is an ASIC. Where 
the IC chip 913 transmits a transition and the IC chip 911 
with the delay testing capability captures the transition. The 
ASIC chip 911 can also transmit transitions and capture the 
transitions. An interconnect delay fault test method shown in 
FIG. 13 is performed. 

In summation, characteristics of the above mentioned 
delay fault test method are summarized as follows: 

It is based on the IEEE 1149.1 TAP operations. Thus, it 
does not rely on bed-of-nails. This makes the delay test 
portable from boards to systems. 

It is compatible with the IEEE 1149.1 TAP operations. 
Therefore, interconnect delay test with the proposed tech- 
nique is transparent to testers and test bus masters. Conven- 
tional interconnect DC test software can be used to conduct 
interconnect AC tests. 

It does not require to add any extra pin to ASICs. Thus, 
it does not add extra routing overhead to board designs. 

It uses the standard boundary scan cells. Thus, all bound- 
ary scannable pins in an ASIC are equipped with this delay 
test capability. This makes it possible for ASIC designers not 
worry about interconnect delay test at board and system 
levels. In addition, it also allows board and system designers 
to add new AC tests for any signals at any time without 
modification of ASICs. 

It uses an IEEE 1149.1 compatible TAP controller. All the 
required circuitry can be included in a simple wrapper 
around the standard TAP controller. The delay tests do not 
change the TAP operations. 

Although particular embodiments of the present invention 
have been described in detail, it should be appreciated that 
numerous variations, modifications, and adaptations may be 
made without departing from the scope of the present 
invention as defined in the claims. 

What is claimed is: 

1. A test access port (TAP) control method in use for delay 
fault test of interconnect between first and second integrated 
circuit (IC) chips, the method comprising the steps o"E 
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performing IEEE 1149.1 standard TAP operations 
^g Eerem test clock (TCK), test mode scIcj gtXIMS), TAP 

scan test clock (TAP_SCUO. TAP scan mod e QAP— 
^SMTra_nO_l AP load ( i'AF__LO) signals are determ ined 

by standardized timing; 5 
generating a scan mode (SM) control signal in response to 

the TAP_SM signal; 
generating a load (LO) control signal in response to the 

TAP__LO signal; and 
generating a scan test clock (SCLK) control signal in iq 

response to the TCK signal and the LO control signal. 

2. The TAP control method of claim 1, wherein: 

the step of generating a scan mode (SM) control signal 
comprises the step of activating the SM control signal 
in response to the TAP__SM signal; 15 

the step of generating a load (LO) control signal com- 
prises the step of activating the LO control signal in 
response to the TAP_LO signal; and 

the step of generating a scan test clock (SCLK) control 
signal comprises the step of activating the SCLK 2Q 
control signal in response to the activated LO control 
signal. 

3. The TAP control method of claim 2, further comprising 
the step of transferring data stored in boundary scan cells 
included in the first IC chip to the second IC chip via the 
interconnect between the first and second IC chips, in 25 
response to the LO control signal. 

4. The TAP control method of claim 3, further comprising 
the step of capturing the data transferred from the first IC 
chip by the second IC chip, in response to the SCLK control 
signal. 30 

5. The TAP control method of claim 4, wherein the step 
of capturing comprises the step of storing the data trans- 
ferred from the first IC chip in boundary scan cells included 
in the second IC chip, 

6. The TAP control method of claim 5, wherein the step 35 
of activating the LO control signal comprises the step of 
activating the LO control signal in response to the succeed- 
ing edge of a pulse of the TAP_LO signal. 

7. The TAP control method of claim 6, wherein the step 

of activating SCLK control signal comprises the step of 40 
activating the SCLK control signal in response to the 
preceding edge of a pulse of the activated LO control signal. 

8. The TAP control method of claim 7, wherein the step 
of activating the SCLK control signal comprises the step of 
delaying the activating of the SCLK control signal in 45 
response to the preceding edge of the pulse of the activated 
LO control signal. 

9. The TAP control method of claim 8, wherein the step 
of delaying the activating of the SCLK control signal 
comprises the step of programmably delaying the activating 50 
of the SCLK control signal by time delay changeable 
elements. 

10. The TAP control method of claim 9, wherein the step 
of programmably delaying comprises the step of variably 
changing the time delay determined by the delay changeable 55 
elements. 

11. The TAP control method of claim 10, further com- 
prising the step of deactivating the activated SCLK control 
signal in response to the preceding edge of a pulse of the 
activated SM control signal. 60 

12. The TAP control method of claim 2, further compris- 
ing the step of transferring data from the second IC chip to 
the first I C chip via the interconnect between the first and 
second IC chips, in response to the LO control signal. 

13. The TAP control method of claim 12, further the step 65 
of capturing the data transferred from the second IC chip by 
the first IC chip, in response to the SCLK control signal. 
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14. The TAP control method of claim 13, wherein the step 
of capturing comprises the step of storing the data trans- 
ferred from the second IC chip in boundary scan cells 
included in the first IC chip. 

15. The TAP control method of claim 14, wherein the step 
of activating the LO control signal comprises the step of 
activating the LO control signal in response to the preceding 
edge of a pulse of the TAP_LO signal. 

16. The TAP control method of claim 15, wherein the step 
of activating SCLK control signal comprises the step of 
activating the SCLK control signal in response to the 
preceding edge of a pulse of the activated LO control signal. 

17. The TAP control method of claim 16, wherein the step 
of activating the SCLK control signal comprises the step of 
delaying the activating of the SCLK control signal in 
response to the preceding edge of the pulse of the activated 
LO control signal. 

18. The TAP control method of claim 17, wherein the step 
of delaying the activating of the SCLK control signal 
comprises the step of programmably delaying the activating 
of the SCLK control signal by time delay changeable 
elements. 

19. The TAP control method of claim 18, wherein the step 
of programmably delaying comprises the step of variably 
changing the time delay determined by the delay changeable 
elements. 

20. The TAP control method of claim 19, further com- 
prising the step of deactivating the activated SCLK control 
signal in response to the preceding edge of a pulse of the 
activated SM control signal. 

21. An apparatus for conducting delay fault test of inter- 
connect between first and second IC chips, the apparatus 
comprising a test access port (TAP) controller, 

the TAP controller performing IEEE 1149.1 standard TAP 
operations wherein test clock (TCK), test mode select 
(TMS), TAP scan test clock (TAP_SCLK), TAP scan 
mode (TAP_SM) and TAP load (TAP_LO) signals are 
determined by standardized timing; 

the TAP controller generating means for generating scan 
mode (SM), load (LO) and scan test clock (SCLK) 
control signals, in response to the TAP_SM, the TAP_ 
LO and the TCK signals. 

22. The apparatus of claim 21, wherein each of the first 
and second IC chips comprises the TAP controller and 
boundary scan cells, the TAP controller comprising: 

means for generating the SM control signal in response to 

the TAP_SM signal; 
load control means for generating the LO control signal in 

response to the TAP_LO signal; and 
scan test clock means for generating the SCLK control 

signal in response to the TCK signal and the LO control 

signal. 

23. The apparatus of claim 22, wherein the TAP controller 
of the first IC chip further comprises means for transferring 
data stored in the boundary scan cells of the first IC chip to 
the boundary scan cells of the second IC chip via the 
interconnect between the first and second IC chips. 

24. The apparatus of claim 23, wherein the TAP controller 
of the second IC chip further comprises means for capturing 
the data transferred from the first IC chip. 

25. The apparatus of claim 24, wherein the load control 
means comprises means for activating the LO control signal 
in response to the succeeding edge of a pulse of the 
TAP_LO signal. 

26. The apparatus of claim 25, wherein the scan test clock 
means comprises means for activating the SCLK control 
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signal comprises the step of activating the SCLK control 
signal in response to the preceding edge of a pulse of the 
activated LO control signal. 

27. The apparatus of claim 26, wherein the means for 
activating the SCLK control signal comprises means for 5 
delaying the activating of the SCLK control signal in 
response to the preceding edge of the pulse of the activated 
LO control signal. 

28. The apparatus of claim 27, wherein the means for 
delaying the activating of the SCLK control signal com- 10 
prises variable time delay means for programmably delaying 
the activating of the SCLK control signal. 

29. The apparatus of claim 28, wherein the variable time 
delay means comprises a series-connected delay elements 
having a plurality of taps connected to the delay elements, is 
the outputs from the taps determining different delay times. 

30. The apparatus of claim 29, wherein the TAP controller 
of the first IC chip further comprises means for deactivating 
the activated SCLK control signal in response to the pre- 
ceding edge of a pulse of the activated SM control signal. 20 

31. The apparatus of claim 22, wherein the first IC chip 
comprises the TAP controller and boundary scan cells, the 
TAP controller comprising: 

means for generating the SM control signal in response to 

the TAP__SM signal; 25 
load control means for generating the LO control signal in 

response to the TAP_LO signal; and 
scan test clock means for generating the SCLK control 

signal in response to the TCK signal and the LO control 3Q 

signal. 

32. The apparatus of claim 31, wherein the TAP controller 
further comprises means for storing data in the boundary 
scan cells, the data being transferred from the second IC chip 
via the interconnect between the first and second IC chips. 35 

33. The apparatus of claim 32, wherein the TAP controller 
further comprises means for capturing the data stored in the 
boundary scan cells. 

34. The apparatus of claim 33, wherein the load control 
means comprises means for activating the LO control signal ^ 
in response to the preceding edge of a pulse of the TAP_LO 
signal. 

35. The apparatus of claim 34, wherein the scan test clock 
means comprises means for activating the SCLK control 
signal comprises the step of activating the SCLK control 45 
signal in response to the preceding edge of a pulse of the 
activated LO control signal. 

36. The apparatus of claim 35, wherein the means for 
activating the SCLK control signal comprises means for 
delaying the activating of the SCLK control signal in 5Q 
response to the preceding edge of the pulse of the activated 
LO control signal. 

37. The apparatus of claim 36, wherein the means for 
delaying the activating of the SCLK control signal com- 
prises variable time delay means for programmably delaying 55 
the activating of the SCLK control signal. 

38. The apparatus of claim 37, wherein the variable time 
delay means comprises a series-connected delay elements 
having a plurality of taps connected to the delay elements, 
the outputs from the taps determining different delay times. 
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39. The apparatus of claim 38, wherein the control signal 
generating further comprises means for deactivating the 
activated SCLK control signal in response to the preceding 
edge of a pulse of the activated SM control signal. 

40. The apparatus of claim 39, wherein the control signal 
generating further comprises means for deactivating the 
activated SCLK control signal in response to the preceding 
edge of a pulse of the activated SM control signal. 

41. The apparatus of claim 40, wherein the TAP controller 
comprises: 

means for performing the IEEE 1149.1 standard TAP 
operations to generate the IEEE 1149.1 standard TAP 
signals; and 

means for generating the SM control signals in response 
to the IEEE 1149.1 standard TAP signals. 

42. A method for performing IEEE 1149.1 standard TAP 
operations, the method comprising the steps of: 

performing as defined by the IEEE 1149.1 standard, so 
that test clock (TCK), test mode select (TMS), TAP 
scan test clock (TAP_SCLK), TAP scan mode (TAP_ 
SM) and TAP load (TAP_LO) signals are determined 
by standardized timing; 

generating a scan mode (SM) control signal which is 
activated in response to the transition of a pulse of the 
TAP_SM signal; 

generating a load (LO) control signal which is activated in 
response to the transition of a pulse of the TAP_LO 
signal; and 

generating a scan test clock (SCLK) control signal which 
is activated in response to the transition of a pulse of the 
activated LO control signal. 

43. The method of claim 42, wherein: 

the step of generating a load (LO) control signal com- 
prises the step of activating the LO control signal in 
response to the succeeding edge of the pulse of the 
TAP_LO signal; and 

the step of generating a scan test clock (SCLK) control 
signal comprises the step of activating SCLK control 
signal in response to the preceding edge of the pulse of 
the activated LO control signal. 

44. The method of claim 43, wherein the step of activating 
SCLK control signal comprises the step of delaying the 
activating of the SCLK control signal from the preceding 
edge of the pulse of the activated LO control signal. 

45. The method of claim 42, wherein: 

the step of generating a load (LO) control signal com- 
prises the step of activating the LO control signal in 
response to the preceding edge of the pulse of the 
TAP_LO signal; and 

the step of generating a scan test clock (SCLK) control 
signal comprises the step of activating SCLK control 
signal in response to the preceding edge of the pulse of 
the activated LO control signal. 

46. The method of claim 45, wherein the step of activating 
SCLK control signal comprises the step of delaying the 
activating of the SCLK control signal from the preceding 
edge of the pulse of the activated LO control signal. 

***** 
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